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ABSTRACT
S e ro lo g ic a l ly  s p e c i f i c  e le c t ro n  microscopy (SSEM) was used to  
c a te g o r iz e  s e ro lo g ic a l  s t r a i n s  o f  tobacco r in g s p o t  v iru s  (TRSV). SSEM 
involves th e  a ttachm ent o f  v i ru s  p a r t i c l e s  to  an adsorbed f i lm  o f  a n t i ­
bodies on e le c t r o n  microscope g r id s .  Eleven i s o la t e s  o f  TRSV were 
compared using SSEM. The r e a c t io n  o f  each i s o l a t e  was t e s t e d  with i t s  
own an tiserum  and w ith  a n t i s e r a  o f  each i s o l a t e ,  r e s p e c t iv e ly .  Crude 
v iru s  e x t r a c t s  were d i lu te d  1:100 and a n t i s e r a  were d i lu te d  1 :5 ,000 . 
Reaction times f o r  an tiserum  ad so rp tio n  and v i ru s  attachm ent were 
co n s ta n t  f o r  a l l  i s o l a t e s  examined. The g r id s  were s ta in e d  with uranyl 
a c e ta te  and viewed w ith  an e le c t ro n  microscope. E lec tron  micrographs 
were taken a t  a predeterm ined m agn if ica tion  from which v i ru s  p a r t i c l e  
counts were made, then  comparisons were made o f  th ese  numerical v a lu e s .  
The eleven TRSV i s o l a t e s  were p laced  in to  seven d i s t i n c t  groups. The 
seven groups were 1) North C aro lina  (N.C.) s t r a i n  38; 2) N.C. s t r a i n  39, 
grape s t r a i n  (ATCC PV No. 157), Louisiana soybean i s o l a t e ,  HM soybean 
i s o l a t e ,  and th e  b lack b erry  i s o l a t e ;  3) N.C. s t r a i n  72; 4) N.C. s t r a i n  
87; 5) watermelon i s o l a t e  (ATCC PV No. 125); 6) Eucharis  m o tt le  s t r a i n  
(ATCC PV No. 4 8 ) ;  and 7) ch e rry  s t r a i n .
Leaf t i s s u e  from a c o l le c t io n  o f  d iseased  soybean p la n ts  whose 
symptoms resembled th o se  produced by TRSV were used t o  in o c u la te  TRSV 
in d ic a to r  p l a n t s .  Most in o c u la t io n s  f a i l e d  to  produce symptoms on the  
t e s t  p la n t s .  Attempts to  d e te c t  TRSV, tobacco s tre a k  v iru s  (TSV),
vi
tomato r in g s p o t  v i ru s  (TomRSV), and tobacco n e c ro s is  v i ru s  (TNV) were 
unsuccessfu l w ith  SSEM o f  th e se  i s o l a t e s .  Mechanical t ra n sm iss io n s  and 
SSEM were su ccess fu l  w ith  known i s o l a t e s  o f  th e se  same v i ru s e s .  To 
d a te ,  a t tem p ts  to  produce an antiserum  to  p a r t i a l l y  p u r i f i e d  p re p a ra t io n s  
and to  view v iru s  p a r t i c l e s  in  crude p la n t  e x t r a c t s  w ith  SSEM were a lso  
u n su c c e ss fu l .  Apparently  a d ise a se  o f  unknown e t io lo g y  was involved 
which was seed t ra n sm it te d  in  soybeans.
SSEM was used to  d e te c t  v iru s  p a r t i c l e s  in  e x t r a c t s  o f  soybean 
seeds in fe c te d  with TRSV, b a r le y  seeds in fe c te d  with b a r le y  s t r i p e  
mosaic v iru s  (BSMV), and l e t t u c e  seeds in fe c te d  with l e t t u c e  mosaic 
v i ru s  (LMV). The seeds were halved and one h a l f  was assayed f o r  v i ru s .  
The remaining in fe c te d  seed halves were d i lu te d  with h e a l th y  seed 
m a te r ia l  in r a t i o s  o f  1 :10 , 1:100, 1 :1 ,000 , and 1:10,000 and assayed . 
Virus p a r t i c l e s  were d e te c te d  in r a t io s  o f  1 :1 ,000 with both TRSV and 
BSMV which re p re se n ts  a r a t i o  o f  one in fe c te d  seed per  1,000 hea lthy  




E lec tron  microscopy o f  p la n t  v iru se s  in  c rude  e x t r a c t s  has been 
d i f f i c u l t  and has had l im ite d  use. The l e a f  d ip  procedure (5) has been 
used with some degree o f  success in the d e te rm in a tio n  o f  th e  morphology 
o f  v iru s  p a r t i c l e s .  By t h i s  method, p la n t  e x t r a c t s  a re  ap p lied  to  
p l a s t i c  f ilm s on e le c t ro n  microscope g r id s  which a re  then s ta in e d ,  d r ie d ,  
and examined w ith  an e le c t ro n  microscope. This procedure i s  u su a lly  
r e s t r i c t e d  to  rod-shaped v iru ses  because iso m e tr ic  v i ru se s  a re  very 
d i f f i c u l t  to  d i s t in g u is h  from c e l l u l a r  components. Several techniques 
have been developed f o r  assaying  v iruses  which combine e le c t ro n  m icros­
copy with sero logy  (1 ,  3 , 4, 17). These procedures  invo lve a mixture 
o f  v i ru s  and a n t i  serum which, following a s u i t a b l e  re a c t io n  per iod , 
i s  ap p lied  to  an e le c t ro n  microscope g r id .  Using high re so lu t io n  
e le c t r o n  microscopy, a p o s i t iv e  se ro lo g ica l  r e a c t io n  i s  in d ic a te d  when 
an tibody  molecules a r e  seen o u t l in in g  the  v i r i o n s .  With th e se  te c h ­
n iq u e s ,  c e l l u l a r  components and s a l t s  f rom .the  v i r u s - a n t i  serum re a c t io n s  
make viewing th e  p a r t i c l e s  d i f f i c u l t  and s in c e  v i ru s  p a r t i c l e s  a re  not 
co n cen tra ted  on the g r id  su rfa c e ,  the d e te c t io n  l i m i t s  a re  approximately 
th e  same as l e a f  dip procedures.
D errick (8 ,  9) d esc rib ed  a technique f o r  th e  d e te c t io n  and i d e n t i ­
f i c a t i o n  o f  p la n t  v i ru se s  in crude e x t r a c t s .  This tech n iq u e ,  termed 
s e r o lo g ic a l ly  s p e c i f i c  e le c t ro n  microscopy (SSEM), a lso  combines th e  use
o f  e le c t ro n  microscopy w ith  se ro lo g y .  E lec tro n  microscope g r id s  coated  
w ith  p l a s t i c  f ilm s were f lo a te d  on drops o f  v i ru s  an tiserum  d i lu te d  
w ith  b u f fe r .  Unadsorbed serum p r o te in s  were removed by f lo a t in g  the 
g r id s  on drops o f b u f fe r  o r  washing in  a stream o f  b u f fe r .  These g r id s  
were then placed on drops o f  crude v i ru s  e x t r a c t s  f o r  1-24 hours and 
subsequently  washed with b u f fe r  to  remove c e l l u l a r  d e b r is  and s a l t s .
The g r id s  were then s ta in e d  and viewed w ith  an e le c t ro n  microscope.
Virus p a r t i c l e s  were a t ta c h e d  and co n c e n tra te d  on g r id s  con ta in ing  a n t i ­
serum s p e c i f i c  to  th e  v i r u s .  SSEM a ls o  was used as a q u a n t i t a t iv e  
assay  fo r  v iru se s  (10) and as a method o f  m onitoring v iru s  co n cen tra tio n  
during  systemic in fe c t io n  and p u r i f i c a t i o n  (12). D errick  and Brlansky 
(6 ,  13) su c c e ss fu l ly  have dem onstrated  th e  a p p l ic a t io n  o f  SSEM fo r  
d e te c t in g  a l l  morphological types  o f  p la n t  v iru se s  as well as th e  corn 
s tu n t  mycoplasma from crude p la n t  e x t r a c t s .  Antiserum d i lu t io n s  from 
1:1 ,000  to  1:10,000 were r o u t in e ly  used and a t tach ed  approxim ately the  
same number o f  v iru s  p a r t i c l e s  (1 3 ) .  Mixed in f e c t io n s  o f  v i ru se s  of 
d i f f e r e n t  p a r t i c l e  morphologies were assayed s u c c e s s fu l ly  on th e  same 
SSEM g r id  using a m ixture o f  a n t i s e r a .
U nrelated  v iru ses  can be s e p a ra te d  on th e  b a s is  o f  c e r ta in  host 
r e a c t io n s  or s e ro lo g ic a l  t e s t s .  S t r a in s  o f  a v iru s  a lso  can be sep­
a ra te d  using e i t h e r  o r  both o f  th e se  methods. Conventional s e ro lo g ic a l  
tech n iq u es ,  such as immunodiffusion and m ic ro p re c ip i t in  t e s t s ,  o ften  
have been used fo r  s t r a i n  s e p a ra t io n .  These t e s t s  make use o f  a mass 
o f  v i s i b l e  p r e c ip i t a t e  formed when v i ru s  and an tiserum  are  mixed in
c e r t a i n  c o n c e n t ra t io n s .  Comparisons a r e  based on the  amount o f  p r e c ip ­
i t a t i o n  formed when two o r  more v i ru se s  a r e  c ro s s - r e a c te d  w ith  each 
o t h e r ' s  a n t i s e r a .  R esu lts  from th e se  types  o f  comparisons a t  b e s t  
conclude t h a t  two v i ru s e s  a re  e i t h e r  c lo s e ly  r e l a t e d ,  d i s t a n t l y  r e l a t e d ,  
o r  u n re la te d .  These ty p es  o f  comparisons may become l e s s  meaningful 
as a l a r g e r  number o f  i s o l a t e s  a re  t e s t e d .
SSEM i s  a techn ique  which may be usefu l in th e  s e p a ra t io n  o f  v i ru s  
s t r a i n s .  The a n t ig e n - a n t i  body re a c t io n  c o n s is t s  o f  two s tag e s  o r  phases 
When v i ru s  p a r t i c l e s  a re  re ac ted  with a s p e c i f i c  an tiserum , the  f i r s t  
phase o f  th e  a n t i  g e n -a n t i  body r e a c t io n  occurs with the a ttachm ent o f  
v i ru s  p a r t i c l e s  to  an tib o d y  m olecules. The second phase occurs when a 
v i s i b l e  p r e c i p i t a t i o n  appears due to  a combination of th e se  in d iv id u a l  
r e a c t io n s  in to  a l a t t i c e  s t r u c t u r e .  Conventional s e ro lo g ic a l  methods 
u t i l i z e  the  d i f f e r e n c e s  in  the p r e c i p i t i n s  formed when v i ru s e s  a re  c ro ss  
re ac ted  with each o th e rs  a n t i  s e ra .  SSEM involves only the  f i r s t  s ta g e  
o f th e  a n t ig e n -a n t ib o d y  r e a c t io n  in  which th e  v i r u s - a n t i  body complex i s  
formed. R esu lts  based on t h i s  s tag e  may be more p re c ise  than those  
based on th e  mass o f  p r e c ip i t a t i o n  formed with conventional s e ro lo g ic a l  
methods. Numerical va lues  are  ob ta ined  from p a r t i c l e  counts o f each 
v i ru s  t e s t e d  w ith  each o f  th e  a n t i  se ra  to  the  Viruses being compared. 
D i lu t io n s ,  r e a c t io n  t im es ,  and tem peratures  fo r  a l l  r e a c t io n s  should be 
kept c o n s ta n t  f o r  comparisons o f the  numerical va lues . P re lim inary  
evidence was shown by D errick  (11) with sugarcane mosaic v i ru s  (SCMV) 
t h a t  SSEM could be used to  se p a ra te  v iru s  s t r a i n s .
Gooding (14) used host r e a c t io n  s tu d ie s  and c ro s s  p r o te c t io n  t e s t s
i
along w ith  c ro ss -a b s o rp t io n  and gel d i f fu s io n  t e s t s  to  s e p a ra te  n a tu ra l  
s e ro lo g ic a l  s t r a i n s  o f  tobacco r in g s p o t  v iru s  (TRSV). In  th e se  s tu d ie s  
a t  l e a s t  s ix  n a tu ra l  s t r a i n s  o f  TRSV were found from over 100 i s o l a t e s  
t e s t e d .  TRSV s t r a i n s  have been found to  cause a number o f  sev e re  
d ise a se s  in  a wide v a r i e t y  o f  p la n ts  (18 ).  TRSV causes a very  d e s t r u c ­
t i v e  d ise a se  commonly c a l le d  bud b l ig h t  o f  soybean ( Glycine max (L.) 
M e r r i l l ) .  Bud b l ig h t  symptoms c o n s is t  o f  a mild m o tt le  t h a t  may o r  may . 
n o t be p re se n t  and a p r o l i f e r a t i o n  o f th e  developing buds t h a t  produce 
few o r  no mature seeds. In fe c te d  p la n ts  a re  o f ten  sm a lle r  and i f  seeds 
a re  produced they  may be borne one p e r  pod. Although TRSV in  soybeans 
has been found throughout th e  heavy soybean producing a re a  o f  th e  United 
S t a t e s ,  i t s  occurrence  has been r a th e r  sporadic  ( 2 ) .  Losses due to  
TRSV in fe c t io n  may be sev e re  a t  t im es. In Louisiana TRSV was f i r s t  
i s o l a t e d  from a number o f  soybean p la n ts  e x h ib i t in g  th e  ty p ic a l  bud 
b l ig h t  symptoms d esc r ib ed  (N. L. Horn personal communication). The 
v i ru s  i s o l a t e d  produced ty p ic a l  red  le s io n s  when in o c u la te d  to  Vigna 
s in e n s i s  L. 'E a r ly  Ramshorn' and a lso  gave p r e c i p i t i n  l i n e s  when re a c te d  
with TRSV an tise rum  (ATCC PV AS 45).
In 1975 surveys were made o f  Louisiana soybeans to  o b ta in  a number 
o f  v iru s  i s o l a t e s .  Soybean p la n t s  e x h ib i t in g  symptoms ty p ic a l  o f  TRSV 
bud b l ig h t  were c o l l e c te d .  I n i t i a l  attem pts  to  determ ine th e  causal 
agen t were u n su c c e ss fu l .
TRSV has been shown to  be t ra n sm it te d  in  se e d ,  by nematodes, and 
by a e r i a l  v e c to rs  (18 ).  Transmission o f  TRSV through soybean seed has 
been considered  unim portant as a means o f  developing  e p ip h y to t ic s  o f  
bud b l ig h t  p r im a r i ly  s in c e  th e  v i ru s  has numerous weed h o s ts  (2 ) .
These o b se rv a t io n s  suggest t h a t  vec to rs  may spread  th e  primary source 
o f  v iru s  from weeds in to  th e  f i e l d .  Soybean s e e d l in g s  in fe c te d  by seed 
t ra n sm iss io n  o f te n  have mild o r  no v iru s  symptoms. These types  o f  
p la n ts  could e a s i l y  serve  as source p la n ts  f o r  v i ru s  v e c to r s .  I t  i s  
no t known whether the  primary source o f  v i ru s  sp read  by v e c to rs  i s  from 
in fe c te d  weeds o r  s e e d l in g s .  A s e n s i t iv e  method f o r  d is t in g u is h in g  
s t r a i n s  might p o ss ib ly  so lve  such a problem.
I t  has been shown w ith  l e t t u c e  mosaic v i ru s  (LMV) t h a t  seed t r a n s ­
m ission even in  low amounts can be a primary source  o f  v i ru s  and d i ­
r e c t l y  a f f e c t  th e  amount o f  d isea se  p re se n t  in  a f i e l d  due to  the  
p resence o f  e f f i c i e n t  vec to rs  needed to  spread  th e  v i ru s  (2 1 ) .  With 
LMV as few as one seed in  1,000 may be enough to  g ive  damaging le v e ls  
o f  i n f e c t io n .
D etection  o f  seed-borne p la n t  v iru se s  i s  a r a th e r  d i f f i c u l t  
problem. Methods now used to  determine v i ru s  in fe c te d  seed include 
sc reen ing  la rg e  numbers (up to  30,000) o f  s e e d l in g s  from a given seed- 
l o t ,  assay ing  w ith  loca l le s io n  in d ic a to r  p la n ts  such as Chenopodiurn 
quinoa L. (1 5 ),  conventional se ro lo g y , and s e p a ra t io n  o f  l i g h t e r  weight 
in fe c te d  seeds in  a ir s t re a m s  (20).
SSEM could prove to  be a  u sefu l too l tn  d e te c t in g  and measuring 
p la n t  v iru se s  in  in d iv id u a l  seed s  and in  determ in ing  th e  d i s t r i b u t io n  
o f  v i ru s  in  var io u s  seed p a r t s .  The s e n s i t i v i t y  o f  SSEM observed p re ­
v io u s ly  (13) suggested  th e  tech n iq u e  may be o f  va lue  in  d e te c t in g  and 
q u a n t i t a t in g  seed-borne v i ru s e s .
The p re se n t  s tudy  was i n i t i a t e d  to  determ ine ( i )  i f  SSEM can be 
used to  s e ro lo g ic a l ly  compare i s o l a t e s  o f  TRSV and group them in to  a 
number o f  s t r a i n s ,  ( i i )  what s t r a i n s  o f  TRSV may be p re se n t  in 
Louisiana soybeans, ( i i i )  i f  SSEM can be used to  determ ine th e  unknown 
cause o f  soybean bud b l i g h t ,  and ( iv )  the  p o te n t ia l  o f  SSEM in  d e te c t ­
ing seed-borne v i ru s e s .
MATERIALS AND METHODS
Viruses and a n t i  s e r a . Tobacco r in g sp o t  v i ru s  (TRSV) i s o la t e s  in  
t h i s  study inc luded : th e  grape s t r a i n  (American Type C ulture  C o lle c t io n
P lan t  Virus 157 (ATCC PV)), th e  watermelon i s o l a t e  (ATCC PV 125), and 
the  Eucharis m o tt le  s t r a i n  (ATCC PV 48). North Carolina (NC) s t r a i n s  
NC-38, NC-39, NC-72, and NC-87 were provided by G. V. Gooding, North 
Carolina S ta te  U n iv e rs i ty .  B lackberry  and c h e rry  i s o l a t e s  were ob ta in ed  
from R. S tace-Sm ith , Canada Department o f  A g r ic u l tu re ,  Vancouver, B. C.
A soybean i s o l a t e  was o b ta in ed  from R. S. H a l l iw e l l ,  Texas A&M 
U nivers ity  and was d es ig n a te d  HM. A Louisiana soybean i s o l a t e  was pro­
vided by N. L. Horn, L ou is iana  S ta te  U n iv e rs i ty .  Three o th e r  TRSV 
soybean i s o l a t e s  were a l s o  c o l l e c te d  in  L ou is iana . All TRSV i s o l a t e s  
were in o cu la ted  to  cowpea ( Viqna s in e n s i s  L. 'E a r ly  Ramshorn') and were 
subsequently  propagated  in  cucumber ( Cucumis s a t iv u s  L. 'National 
P ic k l in g ')  as a source  f o r  a n t i s e r a  production and SSEM assays . TRSV 
in fe c te d  soybean seed 'D a re ' were c o l le c te d  from in fe c te d  greenhouse 
p lan ts  t h a t  had been in o c u la te d  w ith  the L ouis iana soybean i s o l a t e .  
Barley seeds 'V an tage ' in f e c te d  w ith  b a r ley  s t r i p e  mosaic v iru s  (BSMV) 
were obtained from T. W. C a r r o l l ,  Montana S ta te  U nivers ity .  Lettuce  
mosaic v irus  (LMV) in f e c te d  l e t t u c e  seeds were a g i f t  from T. A. Z i t t e r ,  
U n ivers ity  o f  F lo r id a ,  B e l le  Glade, FL.
A n tis e ra  were provided by G. V. Gooding to  th e  TRSV s t r a i n s  NC-39, 
NC-72, and NC-87, and by R. S tace-Sm ith  to  th e  b lack b e rry  and ch e rry  
i s o l a t e s .  Anti s e ra  to  th e  grape s t r a i n  and to  th e  ty p e  s t r a i n  were 
ATCC PV AS 26 and ATCC PV AS 45 re s p e c t iv e ly .  Anti serum to  BSMV was 
o b ta in ed  from R. J .  Shepherd, U n ivers ity  o f  C a l i f o r n i a ,  D avis, and 
an tise ru m  to  LMV was provided by T. A. Z i t t e r ,  U n iv e rs i ty  o f  F lo r id a ,  
B e lle  Glade. Anti s e ra  to  a l l  o th e r  i s o la t e s  were made as  fo llo w s: 
p a r t i a l l y  p u r i f i e d  v iru s  was prepared  from s y s te m ic a l ly  in fe c te d  cucum­
b er u s ing  th e  method o f  S te e re  (19) through th e  f i r s t  cy c le  o f  d i f f e r ­
e n t i a l  c e n t r i f u g a t io n .  Six in t r a p e r i to n e a l  i n j e c t io n s  were given to  
w hite  mice a t  weekly in t e r v a l s .  Each mouse was in j e c te d  w ith  0 .5  ml o f  
v i ru s  and F reund 's  incomplete ad juvant mixed 1 :1 . T r ia l  b leed ings  were 
made by t a i l  c l ip p in g s  and drops o f  blood were p laced  in  a drop o f  T r i s -  
NaCl b u f fe r  (pH 7 .2 ,  0.15 M NaCl). SSEM g r id s  were p repared  by f l o a t ­
ing g r id s  on th e se  drops. Terminal bleedings were made by c u t t i n g  the  
t h r o a t s  o f  a n e s th e s iz e d  mice.
Procedure f o r  s e r o lo g ic a l ly  s p e c i f i c  e le c t ro n  m icroscopy . The 
procedure used was t h a t  o f  D errick  and Brlansky (1 3 ) .  Copper, 200 mesh, 
74 pm, handle e le c t ro n  microscope g r id s  were used th roughou t t h i s  work. 
Grids were p repared  by dipping  in a 1% so lu t io n  o f  polybutene in  xy lene , 
a i r  d r ie d ,  then coated  w ith  a f i lm  o f  Parlodion  us ing  a 0.5% so lu t io n  
d is so lv e d  in  amyl a c e ta t e .  The g r id s  were carbon-coa ted  in a vacuum 
e v a p o ra to r .  The g r id s  were f lo a te d  on drops o f  a n t i  serum d i lu te d  
1 :5 ,000  with T r is  b u f fe r  (0 .05  M, pH 7.2) f o r  30 m inutes a t  room
tem perature  (F ig . 1). Unadsorbed serum p ro te in s  were removed by f l o a t ­
ing th e  g r id s  on drops o f  T r i s  b u f fe r .  Experimental g r id s  were immedi­
a t e l y  f lo a te d  on crude v i ru s  e x t r a c t s .  Control g r id s  were f lo a te d  on 
e i t h e r  normal r a b b i t  serum o r  on a n t i  serum to  a v i ru s  s e ro lo g ic a l ly  
u n re la te d  to  the  v iru s  being t e s t e d .  Grids f o r  s to ra g e  experiments 
were washed in d i s t i l l e d  w a te r ,  a i r - d r i e d ,  and s to re d  a t  e i t h e r  room 
tem perature  or a t  4 C. V iru s - in fe c te d  l e a f  t i s s u e  e x t r a c t s  were p re ­
pared by g rind ing  in a m ortar  and p e s t l e  w ith  an e x t r a c t io n  b u f fe r  o f  
0 .05 M T r i s ,  pH 7 .2 ,  c o n ta in in g  0 .15 M NaCl. All l e a f  t i s s u e  assayed 
was d i lu te d  1:100 with e x t r a c t io n  b u f fe r .
SSEM g r id s  were f lo a te d  on drops o f  d i lu te d  v iru s  e x t r a c t s  fo r  a 
re a c t io n  period o f  one hour (Fig. 1). The g r id s  were washed to  remove 
c e l l u l a r  d eb r is  by f lo a t in g  th re e  tim es on drops o f  e x t r a c t io n  b u ffe r  
co n ta in in g  0 .4  M su cro se , tw ice  in  e x t r a c t io n  b u f f e r ,  and tw ice  in  d i s ­
t i l l e d  w ater. The v i ru s  p a r t i c l e s  were s ta in e d  by f lo a t i n g  on a so lu ­
t io n  o f  5% uranyl a c e ta te  in  50% ethanol fo r  3 m inutes, followed by 
washing v igorous ly  in 50% e th a n o l .  Grids were then  b lo t t e d  and allowed 
to  a i r  dry. Attached v i r io n s  were viewed with an H itach i HU 11-A 
e le c t ro n  microscope.
Detection o f  v iru se s  in  seed . SSEM was used to  d e te c t  v iru s  p a r­
t i c l e s  in  e x t r a c t s  o f  soybean seeds in fe c te d  with tobacco r in g sp o t  
v i r u s ,  barley  seeds in fe c te d  w ith  b a r le y  s t r i p e  mosaic v i ru s ,  and 
l e t t u c e  seeds in fe c te d  with l e t t u c e  mosaic v i ru s .  Seeds from v i r u s -  
in fe c te d  p lan ts  were halved and o n e -h a l f  was assayed f o r  v i ru s .
Fig. 1. Grids used in SSEM: A) Floating on drops of antiserum,
B)Floating on drops of crude virus extracts, C) Floating on drops of 
wash buffer.
The seed halves  were powdered in a m ortar  and p e s t l e  and then d i lu te d  
with e x t r a c t io n  b u f fe r .  Soybean and b a r le y  seed were d i l u t e d  1 :10 , 
but l e t t u c e  seed halves were d i lu te d  1 :1 ,000 to  g ive  enough m a te r ia l  to  
t e s t .  The remaining seed halves from seed found to  c o n ta in  v i ru s  were 
mixed w ith  h ea lth y  seeds in  r a t i o s  o f  1 :10 , 1 :100, 1 :1 ,0 0 0 ,  and 1:10,000. 
These m ixtures were ground w ith  9 volumes o f  e x t r a c t io n  b u f fe r  and 
assayed. ,
Determ ination o f  TRSV s t r a i n s  using  SSEM. SSEM g r id s  were p rep a r­
ed using  an tiserum  to  each o f  the  TRSV i s o l a t e s  being t e s t e d .  Each 
v iru s  i s o l a t e  was reac ted  with i t s  own a n t i  serum (homologous re a c t io n )  
and with a n t i  serum s p e c i f i c  to  each o f  the  o th e r  TRSV i s o l a t e s  ( h e t e r ­
ologous r e a c t io n ) .  Micrographs o f  each v i r u s - a n t i  serum re a c t io n  were 
taken a t  a predeterm ine m ag n if ica tio n .  The t o t a l  number o f  v i ru s  p a r ­
t i c l e s  p re se n t  on th e  7x8 cm micrograph were counted . Numerical values  
o f  homologous and hetero logous r e a c t io n s  were compared.
S tud ies  to  id e n t i f y  the  unknown e t i o lo g ic a l  ag en t o f  soybean bud 
b l i g h t . T issue samples o f  soybean p la n ts  w ith  ty p ic a l  TRSV bud b l ig h t  
symptoms were assayed using SSEM. All o f  th e  TRSV a n t i  s e ra  produced in 
t h i s  la b o ra to ry  and obta ined  elsew here were t e s t e d .  In ad d i t io n  assays  
were made using a n t i  s e ra  to o th e r  v iru se s  which inc luded  tobacco s t r e a k  
v iru s  (TSV) red node s t r a i n  (ATCC PV AS 50) and th e  HF s t r a i n  (ATCC PV 
AS 6 ) ,  tomato r in g sp o t  v iru s  (TomRSV) (ATCC PV AS 2 5 ) ,  and tobacco 
n e c ro s is  v iru s  (TNV) (ATCC PV AS 72). The method o f  S te e re  (19) was 
used in an e f f o r t  to  ob ta in  p a r t i a l l y  p u r i f i e d  v i ru s  p re p a ra t io n s  and
a ttem pts  were made to  produce an an tise rum  by in j e c t i n g  mice as p re v i ­
ously  described . SSEM was then performed w ith  th e  bud b l ig h t  m ate r ia l  
using the  prepared antiserum .
Seeds from d iseased  p la n ts  were t e s t e d  f o r  seed t ra n sm iss io n  o f  
bud b l ig h t  in  greenhouse p la n t in g s .  Second g en era tio n  seed a lso  were 
t e s t e d  f o r  t ra n sm iss io n .
RESULTS
Determination o f  s e ro lo g ic a l  r e l a t io n s h ip s  among s t r a i n s  o f  TRSV. 
All i s o l a t e s  o f  TRSV te s t e d  w ith  SSEM were a t ta c h e d  s p e c i f i c a l l y  w ith  
a l l  o f  th e  TRSV a n t i s e r a .  Icosahedral v i r i o n s ,  approxim ately  30 nm in 
d iam eter ,  were r e a d i ly  v i s ib l e  and d i s t in g u is h a b le  from c e l l u l a r  d e b r is  
(F ig . 2 ) .  Both p o s i t iv e  and n eg a tiv e  s t a i n s  were o b ta ined  with th e  use 
o f  uranyl a c e ta te .  The r e s u l t s  o f  a l l  homologous and hetero logous r e ­
a c t io n s  (Table 1) a re  p resen ted  as th e  t o t a l  number o f  v iru s  p a r t i c l e s  
on a 7x8 cm e le c t ro n  micrograph taken a t  a m a g n if ica tio n  o f  23»420X. 
Control SSEM grids  prepared w ith  bean pod m o tt le  v i ru s  (BPMV) an tiserum  
(ATCC PV AS 9) a t tach ed  few o r  no v iru s  p a r t i c l e s  (F ig .  3 ) .  In most 
c a se s ,  the homologous re a c t io n s  rep re sen ted  th e  h ig h e s t  o r  one o f  the  
h ig h es t  t o t a l  number o f  v i r io n s  a t ta c h e d .  A ty p ic a l  comparison can be 
seen in  Fig. 4 using the  grape s t r a i n  o f  TRSV and th e  Louisiana soybean 
i s o l a t e  o f  TRSV. Comparisons between two s t r a i n s  were c l e a r e s t  using  a 
2x2 c o n f ig u ra t io n  rep re sen tin g  both homologous and hetero logous system s. 
The h ig h e s t  number o f  v iru s  p a r t i c l e s  were a t ta c h e d  w ith  the  homologous 
an tiserum  and the  low est number o f  p a r t i c l e s  w ith  th e  hetero logous a n t i -  
serum. The d if fe re n c e s  between the  homologous and hetero logous r e ­
a c t io n s  can be used to  s ig n i fy  the  amount o f  r e la te d n e s s  between two 
v iru s  s t r a i n s .  These two v iru se s  can be cons ide red  c lo s e ly  r e l a t e d  due 
to  small d i f fe re n c e s  between th e  homologous and hetero logous r e a c t io n s .
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Fig. 2. Virus particles of the grape strain of TRSV specifically 
attached to the grapevine antiserum. A) Positive stain, B) Negative 
stain.
TABLE 1. Homologous and hetero logous s e r o lo g ic a l ly  s p e c i f i c  r e a c t io n s  among s t r a i n s  o f  tobacco 
r in g s p o t  v i ru s .
Anti s e ra  to  TRSV S t ra in s
TRSV S t ra in s
Grapevine 
ATCC PV AS 26
Louisiana
Soybean NC-39 B1 ackberr.y Cherry NC-72
Grape S t ra in  
(ATCC No. PV 157)
912 752 904 832 1142 212
Louisiana 
Soybean I s o la t e  
(N. L. Horn)
1064 1136 1056 1224 1244 376
NC-39 I s o l a t e  
(G. V. Gooding)
300 243 448 326 370 43
Blackberry  I s o la t e  
(R. Stace-Sm ith)
941 443 501 1192 800 77
Cherry I s o la t e  
(R. Stace-Smith)
1116 225 1029 1496 2181 1236
NC-72 I s o la te  
(G. V. Gooding)
626 311 568 896 1262 426
(c o n t . )
TABLE 1. Cont.
A n tise ra  to  TRSV S t ra in s
TRSV S t ra in s
Grapevine 
ATCC PV AS 26
Louisiana
Soybean NC-39 Blackberry Cherry NC-72
Watermelon I s o la t e  
(ATCC No. PV 125)
1112 417 808 952 1600 259
NC-87 I s o l a t e  
(G. V. Gooding)
236 50 178 162 220 82
NC-38 I s o l a t e  
(G. V. Gooding)
1512 533 1136 1080 1680 261
HM Soybean I s o la t e  
(R. S. H a ll iw e ll)
830 300 853 658 1023 307
Eucharis m o ttle  s t r a i n  484 
(ATCC No. PV 48)
173 108 103 . 393 16
(c o n t . )
TABLE 1. Cont.
A n tise ra  to TRSV S t ra in s





Grape S t ra in  
(ATCC No. PV 157)
120 49 78 181 135 0
Louisiana 
Soybean I s o la t e  
(N. L. Horn)
206 44 206 66 42 4
NC-39 I s o la te  
(G. V. Gooding)
52 195 128 97 25 0
Blackberry  I s o la t e  
(R. S tace-Smith)
117 240 132 792 18 0
Cherry I s o la t e  
(R. Stace-Sm ith)
152 70 176 305 142 5
NC-72 I s o l a t e  
(G. V. Gooding)
89 62 35 264 14 0
(c o n t . )
TABLE 1. Cont.
A n tise ra  to  TRSV S t ra in s





Watermelon I s o la te  
(ATCC No. PV 125)
133 46 16 230 22 0
NC-87 I s o la t e  
(G. V. Gooding)
98 278 323 10 15 0
NC-38 I s o la te  
(G. V. Gooding)
25 45 497 110 27 3
HM Soybean I s o la te  
(R. S. Hal1iw el1)
141 48 158 943 35 3
Eucharis m ottle  s t r a i n  
(ATCC No. PV 48)




Fig. 3. Grape strain TRSV reacted on bean pod mottle virus antiserum.
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Fig. 4. Comparison o f  the  homologous and hetero logous r e a c t io n s  o f  
th e  grape s t r a i n  TRSV and th e  Louis iana soybean i s o l a t e  TRSV. A-B) 
Grape s t r a i n  on: A) grapevine an tise ru m , B) Louisiana soybean antiserum . 
C-D) Louisiana soybean i s o l a t e  on: C) g rapev ine  an tise rum , D) Louisiana 
soybean an tiserum . Numbers r e p re s e n t  t o t a l  p a r t i c l e  counts from a 7x8 
cm micrograph. 46,840X.
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A comparison o f  th e  grape s t r a i n  and th e  NC-39 i s o l a t e  showed s im i la r  
r e s u l t s  (F ig . 5 ) .  P a r t i c l e  counts  f o r  th e  NC-39 i s o l a t e  were lower but 
t h i s  was t r u e  f o r  a l l  th e  a n t i s e r a  r e a c t io n s  w ith  t h i s  i s o l a t e .  The 
homologous re a c t io n s  o f  both i s o l a t e s  a t ta c h e d  th e  g r e a t e s t  number o f  
v iru s  p a r t i c l e s .  Heterologous r e a c t io n s  when compared to  homologous 
r e a c t io n s  again showed th e se  i s o l a t e s  to  be c lo s e ly  r e l a t e d  s e ro lo g i ­
c a l ly .  Reactions invo lv ing  th e  L ouis iana  soybean i s o l a t e  and the  NC-39 
i s o l a t e  when added to  t h i s  scheme provided evidence t h a t  s e ro lo g ic a l  
r e la te d n e ss  between them may be c lo se  when one hetero logous re a c t io n  is  
compared with th e  homologous r e a c t io n .  The o th e r  heterologous re a c t io n  
however tends to  question  t h i s  s in c e  th e  p a r t i c l e  number fo r  NC-39 
re a c t io n  with the  Louisiana soybean an tiserum  dropped to  243 (Table 1).
Another type o f  r e a c t io n  was t h a t  which showed se ro lo g ic a l  separa ­
t io n .  Comparisons o f  th e  r e a c t io n s  invo lv ing  NC-72 and NC-87 i s o l a t e s  
showed d i s t i n c t  s e ro lo g ic a l  s e p a ra t io n  between them. Heterologous 
re a c t io n s  a ttach ed  fewer p a r t i c l e s  than  did  homologous re a c t io n s  
(F ig . 6 ) .  P a r t i c l e  counts f o r  th e  r e a c t io n s  between NC-39 and NC-87 
i s o l a t e s  a lso  showed th e  d i s t i n c t  s e ro lo g ic a l  s e p a ra t io n  o f  them w ith  
the  use o f  SSEM (Table 1 ) .
In some re a c t io n s  s e ro lo g ic a l  r e la te d n e s s  o r  nonre la tedness  were 
no t as c l e a r .  Reactions such as th e  ones w ith NC-39 and NC-72 i s o la t e s  
and a n t i s e r a  were a good example o f  t h i s  (F ig .  7 ) .  Homologous r e a c t io n s  
normally gave high p a r t i c l e  numbers. The hetero logous combinations 
produced two types o f  r e s u l t s :  a high p a r t i c l e  count w ith  th e  NC-72
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Fig. 5. Comparison o f  th e  homologous and hetero logous r e a c t io n s  o f  
th e  grape s t r a i n  TRSV and th e  NC-39 i s o l a t e  TRSV. A-B) Grape s t r a i n  
on: A) grapevine an tise rum , B) NC-39 an tise rum . C-D) NC-39 i s o l a t e  on: 
C) g rapevine an tise rum , D) NC-39 an tiserum . Numbers re p re se n t  t o t a l  
p a r t i c l e  counts  from a 7x8 cm micrograph. 46,84QX.
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Fig. 6. Comparison o f  the  homologous and hetero logous re a c t io n s  of 
th e  NC-72 and NC-87 i s o l a t e s  o f  TRSV. A-B) NC-72 i s o l a t e  on: A) NC-72 
an tise rum , B) NC-87 an tise ru m . C-D) NC-87 i s o l a t e  on: C) NC-72 antiserum , 
D) NC-87 antiserum . Numbers r e p re s e n t  to ta l  p a r t i c l e  counts on a 7x8 cm 
micrograph. 46,840X.
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Fig. 7. Comparison o f  th e  homologous and hetero logous re a c t io n s  o f  
th e  NC-39 and th e  NC-72 i s o l a t e s  o f  TRSV. A-B) NC-39 i s o l a t e  on: A) 
NC-39 an tiserum , B) NC-72 an tise rum . C-D) NC-72 i s o l a t e  on: C) NC-39 
an tiserum , D) NC-72 an tise rum . Numbers re p re s e n t  t o t a l  p a r t i c l e  
counts on a 7x8 cm m icrograph. 46,840X.
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i s o l a t e  and the  NC-39 a n t i  serum and a low p a r t i c l e  count w ith  th e  NC-39 
and th e  NC-72 a n t i  serum. S im ila r  r e s u l t s  were found a lso  in  re a c t io n s  
invo lv ing  th e  NC-72 and b lackberry  i s o l a t e s .  Both examples in d ic a te d  
s e ro lo g ic a l  s e p a ra t io n  s in c e  la rg e  d i f f e re n c e s  were found between one 
he te ro logous  r e a c t io n  and i t s  homologous r e a c t io n .
The watermelon i s o l a t e  when compared w ith  a number o f  i s o la t e s  
a t ta c h e d  a lower number o f  v i ru s  p a r t i c l e s  when reac ted  with i t s  homol­
ogous an tiserum  than when re a c te d  w ith  o th e r  a n t i  s e ra .  The watermelon 
i s o l a t e  a n t i  serum was found to  r e a c t  weakly w ith  most o f  th e  v iru s  
i s o l a t e s  t e s t e d .  A second an tise rum , again  made by in je c t in g  mice w ith  
a p a r t i a l l y  p u r i f i e d  v iru s  p re p a ra t io n ,  a lso  produced low numbers o f  
a t ta c h e d  v i r io n s .  Antiserum and v i ru s  c o n c en tra t io n  d i f f e re n c e s  were 
seen in  many examples. The ch e rry  i s o l a t e  a t ta c h e d  a la rg e  number o f  
v iru s  p a r t i c l e s  to  most o f  th e  a n t i  s e ra  and i t s  an tiserum  lik ew ise  a t ­
tached a la rg e  number o f  p a r t i c l e s  when re a c te d  w ith  most o f  the  
i s o l a t e s .  S e ro lo g ica l  s e p a ra t io n s  were determined by comparisons o f  a l l  
homologous and he te ro logous  r e a c t io n s .
The th r e e  TRSV i s o l a t e s  ob ta ined  from Louisiana soybeans were found 
to  r e a c t  i d e n t i c a l l y  to  th e  soybean i s o l a t e  provided by N. L. Horn, 
Louisiana S ta te  U n iv e rs i ty ,  when in o cu la ted  to  soybean ( 'D a r e ' ) ,  cucumber 
( 'N a t io n a l  P i c k l i n g ' ) ,  and cowpea ( 'E a r ly  Ramshorn'). SSEM r e s u l t s  were 
th e  same as those  re p o r te d  w ith  th e  Louisiana soybean i s o l a t e  (Table 1 ) .
S tu d ies  on th e  unknown cause o f  soybean bud b l i g h t . No v iru s  p a r ­
t i c l e s  were a t ta c h e d  to  any o f  the  TRSV a n t i s e r a  s p e c i f i c  g r id s  when
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reac ted  with crude e x t r a c t s  o f  th e  soybean bud b l ig h te d  p l a n t s .  Results  
using TSV an tise rum , TomRSV an tise rum , and TNV a n t i s e r a  a lso  were neg­
a t i v e .  Attempts to  s p e c i f i c a l l y  a t t a c h  v i ru s  p a r t i c l e s  using an a n t i -  
serum to  a p a r t i a l l y  p u r i f i e d  p re p a ra t io n  o f  t h i s  t i s s u e  a lso  were un­
su c c e ss fu l .  This an tise ru m  a ls o  f a i l e d  to  a t t a c h  v i ru s  p a r t i c l e s  from 
cucumber p la n ts  known to  be in fe c te d  w ith  the  Louisiana soybean i s o l a t e  
o f  TRSV.
When seeds ob ta in ed  from bud b l ig h te d  p la n ts  were p lan ted  in the 
greenhouse th e  o f f s p r in g  developed th e  same type o f  symptoms. About 
70-80% o f  the  seeds o b ta in ed  from bud b l ig h te d  p la n ts  produced p lan ts  
t h a t  were b l ig h te d  and th e  c o n d it io n  was c a r r i e d  to  th e  second genera­
t io n .  Attempts to  m echan ica lly  t ra n sm it  the  unknown causal agent were 
u n su ccess fu l .
D etection o f  seed-borne  p la n t  v i ru s e s . All th re e  seed-borne v iru ses  
t e s t e d  were s u c c e s s fu l ly  d e te c te d  in  h a l f - s e e d s  with th e  use o f  SSEM. 
Micrographs o f  each o f  th e  th re e  d i f f e r e n t  p a r t i c l e  types  de tec ted  are 
exem plified  in  Fig. 8. High c o n cen tra t io n s  o f  TRSV were found in 
soybean seed and BSMV in  b a r le y  seed. The co n c e n tra t io n  o f  LMV was so 
low th a t  only an occas iona l v i ru s  p a r t i c l e  was o b ta in ed .  When ind iv idual 
seeds were t e s t e d  f o r  v i r u s ,  75-80% o f  the  soybean seeds contained  TRSV, 
40-42% o f  the b a r le y  seeds were in fe c te d  with BSMV and 10% o f  the  l e t ­
tuce  seeds con ta ined  LMV.
Virus p a r t i c l e s  were d e te c te d  in both TRSV-infected soybean seed 
halves and BSMV-infected b a r le y  seed halves d i lu te d  1 :1 ,000  with hea lthy
Fig. 8. Three types  o f  v i ru s e s  d e te c te d  w ith  SSEM from in fe c te d  
seeds. A) TRSV from in fe c te d  soybean seed , 46,840X. B) BSMV from 
in fe c te d  barley  seed , 9,000X. C) LMV from in fe c te d  l e t t u c e  seed , 9,000X. 
D) Check g r id .
seed (F ig s .  9 , 10). These d i lu t io n s  re p re se n te d  one in fe c te d  seed per
1,000 h ea lth y  seeds .  In terms o f  ac tu a l  v iru s  d i lu t io n  both  were 
d e te c te d  a t  1:10,000 s in c e  a l l  m ixtures were d i lu t e d  1:10 w ith  e x t r a c t io n  
b u f fe r .  LMV was d e te c te d  a t  1:100 in  m ixtures t e s t e d  (F ig . 11). This 
re p re se n te d  one in fe c te d  seed per 100 h e a l th y  seed, th e  v i ru s  a c tu a l ly  
was d i lu te d  1:1 ,000 because o f  d i l u t i o n  w ith  b u f fe r .
S torage o f  SSEM g r id s .  SSEM g r id s  p repared  w ith  a n t i  serum to  the  
Louisiana soybean i s o l a t e  and th e  grape s t r a i n  o f  TRSV, s to r e d  f o r  up to  
28 days a t  4 C, were a b le  to  a t t a c h  v i ru s  p a r t i c l e s .  S p e c i f ic  g r id s  to  
both th e se  i s o l a t e s  a lso  were u seab le  when a i r  d r ie d  and s to re d  a t  room 
tem perature  f o r  35 days (F ig .  12). S torage o f  BSMV antiserum  coated 
g r id s  f o r  35 days a t  room tem pera tu re  (F ig .  12) did no t e f f e c t  i t s  a c t i ­
v i ty  f o r  use in  s e ro lo g ic a l  t e s t s .
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Fig. 9. TRSV detected in soybean seed at a dilution of 1:1,000 withhealthy seed, 46,840X.
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Fig. 10. BSMV detected in barley seed at a dilution of 1:1,000 with
healthy seed. 9,000X.
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2. Reactions w ith  SSEM g r id s  s to re d  f o r  35 days a t  24 C. 
46.840X. B) BSMV, 9,000X.
DISCUSSION
S e ro lo g ic a l ly  s p e c i f i c  e le c t ro n  microscopy was found to  be very 
usefu l in th e  se p a ra t io n  o f  s e ro lo g ic a l  s t r a i n s  o f  TRSV. This technique 
provided a means fo r  u t i l i z i n g  the  i n i t i a l  phase o f  th e  a n t ig e n -a n t i  body 
r e a c t io n  which i s  the  attachm ent o f  a n t ig e n  w ith  an tibody . Most s e ro lo ­
g ica l  methods u t i l i z e  th e  second phase o f  th e  an t ig e n -a n t ib o d y  r e a c t io n ,  
which occurs  when a v i s i b l e  p r e c ip i t a t i o n  i s  formed. T ests  u t i l i z i n g  
t h i s  s ta g e  may produce m islead ing  r e s u l t s  under c e r t a in  co n d it io n s  due 
to  hos t  components t h a t  r e a c t  w ith  contam inating  a n t ib o d ie s .  V irus- 
a n t i  body complexes which occur in small amounts may no t produce s trong  
enough p r e c ip i t i n  l in e s  o r  a g g lu t in a t io n s  to  be d e te c te d  by conventional 
s e ro lo g ic a l  methods.
R esu lts  from SSEM s tu d ie s  o f  TRSV i s o l a t e s  in d ic a te d  t h a t  many d i f ­
f e r e n t  types o f  re a c t io n s  may be produced. Two v i ru se s  a re  considered  
s e r o lo g ic a l ly  r e la te d  when the  d i f f e re n c e s  in  th e  p a r t i c l e  numbers be­
tween homologous and hetero logous r e a c t io n s  invo lv ing  th e se  two v iru se s  
a re  very sm all.  The re a c t io n s  invo lv ing  the  grape s t r a i n  and the  NC-39 
s t r a i n  provide a good example o f  t h i s .  P a r t i c l e  numbers among homolo­
gous and hetero logous re a c t io n s  were no t d i f f e r e n t .  Two v i ru se s  were 
considered  s e ro lo g ic a l ly  d i f f e r e n t  when he tero logous  p a r t i c l e  numbers 
were co n s id e rab ly  l e s s  than homologous r e a c t io n s .  An example o f  t h i s  
was seen in  the  re a c t io n s  involv ing  NC-72 and NC-87 s t r a i n s .  A th i r d
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type o f  s e ro lo g ic a l  r e a c t io n  occurred  when one hetero logous re a c t io n  
produced p a r t i c l e  numbers lower than i t s  homologous c o u n te rp a r t  but th e  
o th e r  hetero logous system a ttach ed  more p a r t i c l e s  than i t s  homologous 
r e a c t io n .  The r e l a t io n s h ip  between NC-39 and NC-72 s t r a i n s  i s  a ty p ic a l  
example. These r e s u l t s  may be due to  a n t ig e n ic  de term inan ts  o f  one 
s t r a i n  being recognized by th e  a n t ib o d ie s  to  the  o th e r ,  b u t  those o f  the  
o th e r  s t r a i n  may be no t recognized by an tise rum  to  th e  f i r s t  s t r a i n .  
Gooding (1 4 ) ,  who t e s t e d  th e  r e c i p r o c a l - a b s o r p t i o n o f  TRSV s t r a i n s ,  
found t h a t  when a c e r t a in  s t r a i n  was used as an absorb ing  an tigen  with 
a p a r t i c u l a r  a n t i  serum, the  an tig en  would absorb o u t  a n t ib o d ie s  s p e c i f i c  
f o r  a number o f  o th e r  s t r a i n s .  For example, s t r a i n  NC-72 was ab le  to  
absorb out a n t ib o d ie s  f o r  i t s e l f  and f o r  a l l  th e  o th e r  s t r a i n s  except 
th o se  f o r  the  homologous s t r a i n .  This in d ic a te d  th e  sp e c ia l  a n t ig e n ic  
r e l a t io n s h ip s  t h a t  th e  NC-72 s t r a i n  had w ith  a l l  th e  o th e r  TRSV s t r a i n s .
The d i f f e r e n t  types o f  s e ro lo g ic a l  r e a c t io n s  observed w ith  SSEM 
a lso  may be s im i la r  to  c e r t a i n  types o f  r e a c t io n s  observed w ith  agar-ge l 
double d i f f u s io n .  The p r e c i p i t i n  l i n e  formed between two v iru ses  and 
t h e i r  r e sp e c t iv e  a n t i s e r a  s ig n ify in g  an i d e n t i t y  r e a c t io n  may be ex­
p ressed  in  SSEM as th e  s im i la r  homologous-heterologous p a r t i c l e  counts . 
Attempts to  c o r r e l a t e  th e se  types o f  r e a c t io n s  w ith  SSEM r e s u l t s  have 
n o t been made a t  t h i s  tim e.
In t h i s  s tudy , seven groups o f  TRSV were se p a ra ted  s e ro lo g ic a l ly  
w ith  the  use o f  SSEM. R esu lts  in d ic a te  t h a t  a l l  fo u r  N C -stra ins t e s t e d  
were s e r o lo g ic a l ly  d i s t i n c t .  The watermelon i s o l a t e  and th e  Eucharis
m o ttle  s t r a i n  a lso  were found to  be d i s t i n c t  s t r a i n s  o f  TRSV. These 
s e p a ra t io n s  were id e n t ic a l  to  the  r e s u l t s  found by Gooding (14) using
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ag ar-g e l  double d i f f u s io n ,  c ro s s  a b s o rp t io n ,  and h o s t  r e a c t io n s .  The 
Louisiana soybean i s o l a t e  and th e  grape s t r a i n  were found to  be c lo s e ly  
r e l a t e d  s e r o lo g ic a l ly  to  th e  NC-39 s t r a i n .  The HM soybean i s o l a t e  was 
r e l a t e d  to  the  NC-39 s t r a i n  a l s o ,  bu t was d i s t i n c t  from th e  Louisiana 
soybean i s o l a t e  and the  grape s t r a i n .  The b lack b e rry  i s o l a t e  was 
c lo s e ly  r e l a t e d  to  both the  grape s t r a i n  and the  Louisiana soybean i s o ­
l a t e  but d i s t i n c t  from th e  HM soybean i s o l a t e  and th e  NC-39 s t r a i n .  The 
cherry  i s o l a t e  was placed in to  a s e p a r a te ,  d i s t i n c t  group.
SSEM was used s u c c e s s fu l ly  f o r  t h e  d e te c t io n  and i d e n t i f i c a t i o n  o f  
v iru s  p a r t i c l e s  in e x t r a c t s  o f  soybean seqds in fe c te d  w ith  TRSV, b a r ley  
seeds in fe c te d  with BSMV, and l e t t u c e  seeds  in fe c te d  w ith  LMV. These 
r e s u l t s  showed the  v a r ie ty  o f  v i ru s  ty p es  and th e  kinds o f  t i s s u e s  t h a t  
may be assayed with SSEM. The d i f f e r e n t  amounts o f  s ta rc h e s  and o i l s  
p re se n t  in  the  seeds t e s te d  p resen ted  a number o f  problems in  g r ind ing  
th e  e x t r a c t s  and in removing th e  d e b r is  from re a c te d  g r id s .  Most o f  the 
d e b r is  on th e  g r id s  was e a s i l y  removed w ith  su c c e ss iv e  washings in  ex­
t r a c t io n  b u f fe r  which conta ined  0 .4  M su c ro se .  S uccessfu l assays were 
performed on h a l f  seeds. This amount o f  t i s s u e  was co n s id e rab ly  sm a lle r  
than most v i ru s - in f e c te d  p la n t  t i s s u e  assayed  w ith  SSEM. *
The r e s u l t s  o f  the  d e te c t io n  l i m i t  s tu d ie s  proved SSEM to  be a very 
s e n s i t i v e  techn ique  fo r  th e  d e te c t io n  and i d e n t i f i c a t i o n  o f  seed-borne 
p la n t  v i ru s e s .  The percentages o f  in fe c te d  seeds found with each o f  the
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v iru se s  t e s t e d  were c o n s is t e n t  w ith  known values  (7 ,  16, 19 ) . The suc­
cess  o f  t h i s  techn ique  f o r  d e te c t io n  o f  v i ru s  in  a p p a re n t ly  h e a l th y  seed 
m ate r ia l  a t  d i lu t i o n s  o f  1:1 ,000 ( re p re se n t in g  one in f e c te d  seed per
1,000 h e a l th y  seeds) suggests  i t s  p o s s ib le  use in  commercial and r e ­
search  a re a s  fo r  sc reen in g  o f  seed l o t s  'f o r  v i r u s - in f e c t e d  seed . Virus 
d e te c t io n  in  seeds would be o f  p a r t i c u l a r  i n t e r e s t  w ith  v i ru s e s  such as 
LMV t h a t  has low seed tran sm iss io n  y e t  r e q u ire s  on ly  a very  small p e r ­
centage o f  in fe c te d  p la n ts  in  th e  f i e l d  to  cause e x te n s iv e  d is e a se .
S torage o f  g r id s  a t  room tem peratures  was p r e fe r r e d  to  s to ra g e  a t  
4 C where copper g r id s  corroded f re q u e n t ly .  The f a c t  t h a t  SSEM g r id s  
can be s u c c e s s fu l ly  s to re d  a t  room tem pera tu re  f o r  4 weeks o r  lon g er  
p rovides a convenient method f o r  temporary s to ra g e  o f  s p e c i f i c  a n t i  serum 
to  c e r t a in  v i ru se s .  Grids prepared in  advance can be used in  p rocess ing  
a la rg e  number o f  d ia g n o s t ic  samples.
A n tise ra  to  a number o f  d i f f e r e n t  v i ru se s  t h a t  cause  symptoms sim­
i l a r  to  th o se  o f L ouis iana  soybean bud b l ig h t  f a i l e d  to  a t t a c h  v iru s  
p a r t i c l e s  using SSEM. An a ttem pt to  p repare  an a n t i  serum and a t t a c h  
v i ru s  p a r t i c l e s  from crude e x t r a c t s  a lso  was u n s u c c e ss fu l .  However, 
th e se  r e s u l t s  d id  n o t  prove t h a t  a v iru s  was n o t  th e  causal agen t o f  
th e se  " f a l s e  bud b l ig h te d "  p la n t s .  However, th e  bud b l i g h t  symptom was 
t r a n sm it te d  to  the  o f f s p r in g  through seed , which su g g e s ts  th e  agen t may 
be a v i ru s .
The numbers o f  " f a l s e  bud b lig h ted "  p la n ts  have become in c re a s in g ly  
more numerous in soybean f i e ld s  in recen t  y e a r s .  SSEM and greenhouse
in o c u la t io n  s tu d ie s  have shown t h a t  TRSV was n o t  a s so c ia te d  w ith  many 
o f  th e  p la n ts  t h a t  e x h ib i te d  th e  bud p r o l i f e r a t i o n  symptom. Since 
" f a l s e  bud b l ig h t"  appears  to  be a d is e a se  o f  p o te n t ia l  importance and 
s in c e  the  cause o f  i t  has no t been re so lv e d ,  i t  appears e v id e n t  t h a t  
a d d i t io n a l  re se a rc h  should be d i re c te d  toward t ra n sm iss io n  s tu d ie s .  
D eterm ination o f  th e  mode o f  t ran sm iss io n  would then sp e c i fy  what means 
might be used to  determ ine th e  causal agen t.  P u r i f i c a t io n  methods might 
then  be form ulated and a ttem pts  to  produce an a n t i  serum to  the  causal 
agen t may be done. A f te r  production o f  an a n t i  serum, SSEM could be used 
to  d e t e c t  and id e n t i f y  th e  causal agent o f  " f a l s e  bud b l ig h t " .
t
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